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(54) Equalization in the presence of intermittant fluctuations in the characteristic of a 
transmission line 



(57) A method used in equalization processing is 
provided, in which a reference signal is received and a 
change point of transmission line characteristics is de- 
tected. A basic frequency signal of fluctuation period of 
the transmission line characteristics is extracted, and 
vectorized. The vector is adjusted such that vectors cor- 



responding to two change points become symmetrical 
with respect to X axis. Then, fluctuation Interval of trans- 
mission line characteristics is judged by comparing X 
component of the vector with a reference value. As a 
result, equalization processing is performed in accord- 
ance with the fluctuation. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an equaliza- 
tion processing method and an equalization processing 
apparatus for periodical fluctuation of transmission line 
characteristics. 

[0002] More particularly, an equalization characteris- 
tic changing method and the apparatus for detecting 
fluctuation of transmission line characteristics and 
changing the equalization characteristic according to 
the fluctuation of transmission line characteristics, 
wherein the fluctuation of transmission line characteris- 
tics periodically occurs, in a modem and the like for a 
power line communication, due to on-off of Internal ele- 
ments of a household electrical appliance which is con- 
nected to a power line such as a switching power source 
and the like. 

2. Description of the Related Art 

[0003] Fig.1 shows a configuration example of a pow- 
er line communication system. As shown in the figure, 
a high voltage power line 8-2 of 6.6kV is provided be- 
tween a distribution substation 8-1 and a pole transform- 
er 8-3, and a low voltage distribution line 8-4 of 1 0OW 
200V and a service line 8-5 are provided between the 
pole transformer 8-3 and a house 8-6. 
[0004] In the power line communication system, an 
optical fiber is provided in parallel with the high voltage 
distribution line 8-2 between an access node 8-1 1 1n the 
distribution substation 8-1 and a modem in the pole 
transformer 8-3 so that an optical signal is transmitted. 
A communication signal is transmitted between the pole 
transformer 8-3 and a modem plugged in a wall outlet 
in the house 8-6 via the low voltage distribution line 8-4 
of 1 00V/200V, the service line 8-5 and an interior distri- 
bution line 8-7. 

[0005] In such a power line communication system, 
the low voltage distribution line 8-4 can be regarded as 
inductor for the modem in the pole transformer 8-3. In 
addition, the service line 8-5 which is connected to the 
low voltage distribution line 8-4 and the interior distribu- 
tion line 8-7 can be regarded as a condenser. In addition, 
household electrical appliances show large capacitlve 
load since condensers for preventing noise are connect- 
ed between AC 1 00V lines. 

[0006] As a result, the low voltage distribution line 8-4 
is regarded as a low-pass filter (LPF) by the pole trans- 
former 8-3 so that there is a case where a receive signal 
of the modem connected to the interior distribution line 
8-7 is buried in noise since high frequency component 
is largely attenuated. On the other hand, low frequency 
component is not much attenuated comparing with the 
high frequency component. However, communication 



quality of the low frequency component degrades since 
random noise (colored noise) is released from switching 
power sources or inverter circuits of the household elec- 
trical appliances so that the low frequency component 
s is also buried in large noise. Therefore, taking measures 
against the noise is necessary for realizing high speed 
data communication by the power line carrier. 
[0007] For taking measures against degradation of 
the receive signal, frequency modulation (FM), frequen- 
10 cy-shift keying (FSK), phase-shift keying (PSK) and the 
like which are said to be strong for noise are adopted 
conventionally as modulation method of the modem for 
power line communication. However, since noise level 
of power line Is high, thus, applications which are real- 
's ized by these modulation methods are limited to low 
speed applications under 1200bps. 
[0008] In addition, spread spectrum technology has 
been used for the power line communication. However, 
transmission capacity decreases remarkably when S/N 
20 value becomes minus under white noise environment. 
Thus, data can be sent at 1 00kbps at the maximum, and 
communication Is interrupted at worst. In addition, an 
attempt has been made to apply a technology to avoid 
carrier band in which noise is high, by using OFDM (Or- 
25 thogonal Frequency Division Multiplexing) which uses 
multi-carrier modulation method. 
[0009] However, the switching power sources in the 
household electrical appliance and the inverter circuits 
tend to increase. Conventional technology can be used 
30 for low speed communication even when noise and fluc- 
tuation of transmission line characteristics due to 
switching of the power sources and the inverter circuits 
occurs. However, it is not possible to realize the power 
line communication at high speed of several Mbps. 
35 [0010] The switching power sources and the inverter 
circuits in the household electrical appliance are more 
and more increasingly used. In addition, condensers are 
connected to 100V power source lines for preventing 
noise so that capacitive load is increasing. Under these 
40 circumstances, It Is not enough to avoid noise for com- 
munication in the way as conventional technology. On 
the other hand, it is more effective to realize high speed 
communication by actively coping with the occurrence 
of noise and fluctuation of transmission line character- 
's istics so as to increasing receiving accuracy of a signal. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention to im- 
50 prove accuracy for receiving signals by preventing deg- 
radation of receiving signals. 

[0012] The above object is achieved by a method 
used in equalization processing, including the steps of: 

55 extracting information on fluctuation of transmission 
line characteristics which fluctuate periodically on 
the basis of a receive signal; and 
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performing equalization processing while switching 
equalization characteristics in accordance with the 
fluctuation of transmission line characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

[0013] Other objects, features and advantages of the 
present Invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings, in which: 10 

Fig.1 shows a configuration example of a power line 
communication system; 

Fig .2 A shows an example of a configuration of a » 
modem which cancels noise of low band (fixed 
band); 

Flg.2B is a figure for explaining a Nyquist transmis- 
sion line; 20 

Figs.3A and 3B show power line transmission line 
characteristics which change due to on-off of inter- 
nal elements of household electrical appliances; 

25 

Figs.4A-C show examples of signal points transmit- 
ted by the power line in which the transmission line 
characteristics fluctuate periodically; 

Fig.5 shows a first embodiment of the present in- 30 
vention; 

Fig.6 shows a second embodiment of the present 
invention; 

33 

Fig.7A shows a transmission frame configuration 
according to the present invention for detecting 
transmission line characteristic fluctuation; 

Flg.7B shows a REF signal point; 40 

Fig.8 shows a function block of a fluctuation period 
Interval judgment part for judging the interval of fluc- 
tuation of the transmission line characteristics; 

45 

Fig.9A shows a pulse signal representing change 
of receive point of the reference (REF) signal; 

Fig.98 is for explaining the pulse signal (i); 

50 

Flgs.10A-10C show an example of phase adjust- 
ment and interval judgment for fluctuation period 
signal vector; 

Fig. 11 shows a function block for updating the X 55 
component reference value REFx. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] The inventors contrived an invention In which 
high speed communication is realized by canceling low 
band noise component, and regenerating buried receive 
signal even when S/N value is minus, which was filed 
as Japanese patent application No.2000-359949 "noise 
removing method and apparatus". According to this in- 
vention, noise component of dominant bandwidth is re- 
moved from noise which is regarded as colored noise 
from a macroscopic viewpoint so that S/N is converted 
to plus. As a result, receive signal buried in the noise is 
extracted. 

[0015] Fig.2A shows an example of a configuration of 
a modem which cancels noise of the above-mentioned 
low band (fixed band). In the configuration shown in Fig. 
2A, a scrambler (SCR S/R) scrambles a send signal 
(SD), converts the signal from serial to parallel and 
sends the signal to a vector adding circuit (G/N add). 
[0016] The vector adding circuit (G/N add) converts 
the Input parallel signals from gray binary code (G) to 
natural binary code (N). In addition, the vector adding 
circuit performs vector add operation which corre- 
sponds to a vector difference circuit (difference N/G) 
used for detecting a phase in the receive side, and 
sends the signal to a send signal generating part 9-1 . 
[001 7] The send signal generating part 9-1 generates 
a send signal point which is represented by a vector. 
When sending the send signal, a zero point signal is in- 
serted by a zero point inserting part 9-2, the waveform 
is shaped by a roll off filter (ROF1), the signal is modu- 
lated by a modulation circuit (MOD), and the digital sig- 
nal is converted into an analog signal by a D/A conver- 
sion circuit. After that, a signal of low frequency band 
including frequency band (10kHz-450kHz) of the power 
line carrier is extracted by a low pass filter (LPF), and, 
then, the signal is sent to a send line (TX-line). 
[001 8] The send signal sent from the send line TX-llne 
Is received by an opposed modem from a receive line 
RX line. Then, a predetermined frequency band compo- 
nent (10-450kHz when using the power line carrier mo- 
dem) is extracted by the band-pass filter (BPF) and the 
signal is converted to a digital signal by an A/D conver- 
sion circuit (A/D). The analog signal which is represent- 
ed digitally is demodulated into a base band signal by a 
demodulation circuit (DEM). The waveform Is shaped 
by a roll off filter (ROF2) and the signal Is sent to a timing 
extracting part (TIM). The output signal from the timing 
extracting part (TIM) 9-4 is sent to a VCXO (voltage con- 
trolled crystal oscillator) type phase lock loop circuit 
(PLL VCXO). 

[0019] The VCXO type phase lock loop circuit (PLL 
VCXO) extracts the phase of zero point, and the phase 
signal of the zero point is provided to the A/D converter 
(A/D) as a sampling timing signal and to a clock distri- 
bution part (RX-CLK) in the receive part. 
[0020] As for the output signal from the roll off filter 
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(R0F2) of the receive part, noise component of trans- 
mission line is removed from a noise removing part 9-5, 
and interference between codes is removed by an 
equalizer (EQL). Then, phase is adjusted by an auto- 
matic carrier phase controller (CAPC), signal judgment 
of receive signal is performed by a judgment circuit 
(DEC), and, then, the judgment result is output to the 
vector difference circuit (difference N/G). 
[0021] After the vector difference circuit (difference N/ 
G) performs vector difference operation on the signal of 
natural binary code (N) sent by the send part wherein 
the vector difference operation is reverse to the opera- 
tion of the vector adding circuit (G/N add), then, the vec- 
tor difference circuit converts the signal to gray binary 
code (G) and sends it to a descrambler (P/S DSCR). 
The descrambler converts this parallel gray code into 
serial signals so that descrambler process is performed. 
Then, the signal is output as a receive signal (RD) . 
[0022] In the send part, a send clock distribution cir- 
cuit (TX-CLK) distributes send clock to the zero point 
Inserting part 9-2, a D/A converter (D/A) and other send 
circuit parts. In addition, in the receive part, a receive 
clock distribution part (RX-CLK) extracts receive clock 
from the VCXO type phase lock loop circuit (PLL 
VCXO), and distributes the receive clock to the noise 
removing part 9-5 and other receive circuit parts. 
[0023] The zero point phase signalextracted from the 
VCXO type phase lock loop circuit (PLL VCXO) only 
passes through the receive clock distribution circuit 
(RX-CLK). The zero point phase signal is simply a sym- 
bol timing signal. The part enclosed by a dotted line box 
is a Nyquist transmission line 9-3. As shown in Fig.2B, 
the Nyquist transmission line 9-3 transparently sends a 
signal In which Interval of signal points is more than the 
Nyquist interval (1/384kB). 

[0024] The above description is about the modem 
which cancels noise of the fixed band (low band). In this 
configuration, the equalizer (EQL) and the automatic 
carrier phase controller (CAPC) performs equalization 
processing by compensating for amplitude or phase of 
each frequency band signal assuming that transmission 
line characteristics are always constant. 
[0025] However, the switching power source in the 
household electrical appliance repeats on-off in syn- 
chronization with power source frequency of 50/60Hz 
so that load impedance is changed in synchronization 
with the power source frequency. Thus, the transmis- 
sion line characteristics of the power line changes in 
synchronization with 50760Hz. 
[0026] Flgs.3A and 3B show the power line transmis- 
sion line characteristics which change due to on-off of 
the internal element of the household electrical appli- 
ance. Fig.3A shows one period of power source voltage 
of 50/60HZ. The interval A in the one period shows a 
state of on and the interval B shows a state of off. 
[0027] Fig.3B shows transmission line characteristics 
of the interval A and B. As shown in Fig.3B, the trans- 
mission line characteristics of the intervals A and B are 



largely different. 

[0028] Figs.4A-4C show examples of signal points 
transmitted by the power line in which the transmission 
line characteristics changes periodically. Fig.4A shows 

s signal points (4 values) when sending a signal, Fig.4B 
shows signal points of the interval A of "on" state and 
signal points of interval B of "off state (4 values), and 
Fig.4C shows receive signal points in which the receive 
signal points of the interval A and the interval B are com- 

w blned. Since the amplitude and phase characteristics 
are different for the interval A and the interval B, the sig- 
nal points of each of the intervals are different from orig- 
inal points of 4 values. Thus, when these points are dis- 
played by an oscilloscope, signal points of eight values 

15 are displayed as shown in Fig.4C. 

[0029] As mentioned-above, due to periodic change 
of the transmission line characteristics by on-off of the 
switching elements, equalization process can not be 
performed accurately by the equalizer (EQL) and the au- 

20 tomatic carrier phase controller (CAPC). As a result, fre- 
quency of judgment error of the receive signal increas- 
es. 

[0030] In order to solve the above-mentioned prob- 
lem, the present invention is contrived. In the following, 
25 a general outline of the present invention will be de- 
scribed. 

[0031] in a method used in equalization processing of 
the present Invention includes the steps of: extracting 
information on fluctuation of transmission line charac- 
30 teristics which fluctuate periodically on the basis of a re- 
ceive signal; and 

performing equalization processing while switching 
equalization characteristics in accordance with the fluc- 
tuation of transmission line characteristics. 

33 [0032] In the above-mentioned method, the step of 
extracting the information may include the steps of: re- 
ceiving a reference signal which is sent from a send 
side; and detecting a change point of the transmission 
line characteristics by using fluctuation of phase or am- 

40 plitude of the reference signal. 

[0033] In addition, the above-mentioned method may 
includes the steps of: extracting a basic frequency signal 
of fluctuation period of the transmission line character- 
istics; vectorizing the basic frequency signal into a vec- 

45 tor; adjusting phases of change point vectors corre-. 
sponding to two change points such that the phases be- 
come symmetrical with respect to a reference phase; 
comparing a component of the vector of the basic fre- 
quency signal with a reference value; and outputting a 

so switching signal for switching the equalization charac- 
teristics according to a result of the step of comparing. 
[0034] Further, the above-mentioned method may in- 
cludes the steps of: performing equalization processing 
for each interval of the fluctuation of transmission line 

55 characteristics on each corresponding receive signal; 
comparing errors of the each corresponding receive sig- 
nal on which the equalization processing has been per- 
formed; and updating the reference value on the basis 
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of a result of the step of comparing errors. 

[0035] In the following, embodiments of the present 

invention will be described. 

[0036] Fig. 5 shows a first embodiment of the present 
invention. The first embodiment includes two systems 
each of which includes an equalizer (EQL) and an au- 
tomatic carrier phase controller (CAPC) wherein one 
system is switched to another system in synchronization 
with on-off period of the switching power source. 
[0037] That is, an output from a frequency component 
output part FFT for outputting frequency component of 
the receive signal output from the noise removing part 
9-5 is input Into a first selection switch SEL1 . The first 
selection switch SEL1 outputs the input signal to one of 
a first output terminal and a second output terminal in 
synchronization with a signal representing the before 
mentioned interval A or interval B. 
[0038] A first equalizer EQL1 and a first automatic car- 
rier phase controller CAPC1 are connected to the first 
output terminal of the first selection switch SEL1 , and a 
second equalizer EQL2 and a second automatic carrier 
phase controller CAPC2 are connected to the second 
output terminal of the first selection switch SEL1 . 
[0039] Outputs of the first and second automatic car- 
rier phase controllers CAPC1 and CAPC2 are sent to 
input terminals of the second selection switch SEL2. 
The second selection switch SEL2 selects one of input 
signals from the two input terminals and outputs the se- 
lected signal in synchronization with a signal indicating 
the Interval A or the interval B. 
[0040] Fig. 6 shows a second embodiment of the 
present invention. The second embodiment includes 
only one system of the equalizer EQL and the automatic 
carrier phase controller CAPC wherein parameters on 
equalization characteristics which are set in the equal- 
izer EQL and the automatic carrier phase controller 
CAPC are changed in synchronization with a period of 
on-off of the switching power source. 
[0041 ] That Is, the output from the FFT Is input to the 
one system of the equalizer EQL and the automatic car- 
rier phase controller CAPC. In addition, equalization 
processing parameters for each of the interval A and the 
interval B are held, and an selection switch SEL is pro- 
vided for selecting one of the parameters. The selection 
switch SEL selects one of the equalization processing 
parameters of the interval A and the interval 8 and sets 
the equalizer EQL and the automatic carrier phase con- 
troller CAPC by using the selected parameters in syn- 
chronization with switching period of the interval A and 
the interval B, so that equalization processing is per- 
formed optimally for each Interval. 
[0042] Fig.7A shows a transmission frame configura- 
tion according to the present invention for detecting 
transmission line characteristic fluctuation. As shown in 
Fig.7A, the transmission frame received and sent be- 
tween the send part and the receive part is configured 
by one master frame including 1 28 sub-frames each be- 
ing 1/4.8kHz. 



[0043] Top sub-frame of the master frame is assigned 
as a no transmission energy (NTE) interval used for 
measuring noise distribution for removing noise. Data 
signals are assigned to the remaining 127 sub-frames. 

5 As shown in Fig.7B, a reference (REF) signal is as- 
signed to each channel (CH1 -CH64) of each sub-frame 
in the 1 27 sub-frames in which amplitude and phase are 
predetermined for the reference signal. In the receive 
side, judgment for determining whether a current state 

10 is the interval A or the interval B is performed on the 
basis of received reference (REF) signal, and the equal- 
izer is switched or the equalization processing parame- 
ters are set and updated in synchronization with the in- 
terval change. 

15 [0044] The channel to which the reference (REF) sigr 
nal is assigned is shifted for each sub-frame with respect 
to time so that the reference signal is distributed to each 
channel. 

[0045] The channels CH1-CH64 shown in Fig.7Acor- 

20 respond to each carrier in the mutti-carrier modulation 
method. The number of assigned reference (REF) sig- 
nals and interval for assigning the reference (REF) sig- 
nals are determined properly according to accuracy for 
detecting fluctuation interval of the transmission line 

25 characteristics which depends on magnitude of trans- 
mission line characteristics fluctuation. 
[0046] Fig. 8 shows a function block of a fluctuation 
period interval judgment part forjudging the interval of. 
fluctuation of the transmission line characteristics. In the 

30 fluctuation period interval judgment part, a power calcu- 
lation part 4-1 converts an output signal of the roll off 
filter (ROF2) in the receive part shown in Fig.2 into a 
scalar value. After that, a band-pass filter 4-2 extracts 
component Including a frequency (100Hz or 120Hz) 

35 which is twice as high as power frequency of the power 
line, because the frequency becomes double by prefer- 
ring square calculation by the power calculation part 4-1 . 
The frequency becomes a basic frequency of the fluc- 
tuation period which causes fluctuation of transmission 

40 line characteristics. As the band-pass filter 4-2, a known 
secondary band-pass filter can be used. 
[0047] An AGC circuit 4-3 performs automatic gain 
adjustment on an output signal of the band-pass filter 
4-2. Then, the signal is combined with a signal which 

45 has been passed through a 90 phase delay circuit 4-4 
so that the signal is vectorized. The phase of the vec- 
torized signal of transmission line fluctuation period is 
adjusted by a phase adjustment part 4-5. This phase 
adjustment will be described later in detail. 

so [0048] The reference (REF) signals which are sent to 
each channel as shown in Fig.7A from a send side is 
output from a fast Fourier transform (FFT) part which 
outputs receive signals of each channel of the receive 
part, and the signals are input to the fluctuation period 

55 interval, judgment part of Fig.8. 

[0049] Since characteristics of the reference (REF) 
signal for the interval A and the reference (REF) signal 
for the interval B are different, phase and amplitude are 



5 



9 



EP 1 271 867 A2 



10 



different for the signals of the Interval A and the interval 
B as shown in Fig.9A. 

[0050] In Fig. 8, difference operation is performed be- 
tween the reference (REF) signal input from the fast 
Fourier transform (FFT) part and a signal passed 
through a delay circuit 4-6 so that change amount of the 
receive reference (REF) signal is detected. Then, a sig- 
nal representing the change amount is squared by a 
power calculation part 4-7. After that, a change point de- 
tection part 4-8 outputs the signal as a pulse signal (i) 
representing the change point. 
[0051] As shown in Fig.9B, the pulse signal (i) repre- 
senting the change point of the receive reference (REF) 
signal indicates timing when the transmission line char- 
acteristics change from the interval A to B or B to A. 
Since the master frame which includes the reference 
(REF) signal is 37.5Hz, which is longer enough than half 
period of the power source frequency, change from A to 
B and B to A occurs in one master frame without excep- 
tion. This change Is detected by detecting a signal point 
In which phase and amplitude are different from those 
of a previous reference (REF) signal to some extent. 
[0052] The output signal (i) of the change point detec- 
tion part 4-8 is applied to a switch part 4-9 for controlling 
ON-OFF of the switch part. The switch part 4-9 extracts 
Y component of vector signal output from the phase ad- 
justment part 4-5 at the time of change between the in- 
terval A to the Interval B, that is, the switch part 4-9 ex- 
tracts a signal (ii) representing phase component of the 
fluctuation period vector, and outputs the signal to a po- 
larity judgment part 4-1 0. 

[0053] The polarity judgment part 4-1 0 judges the po- 
larity of the Y component (li) of the vector signal, and 
outputs +1 or -1 to an integrator 4-1 1 according to the 
polarity. The integrator 4-11 integrates a signal repre- 
senting the polarity, and outputs the integrated value to 
a sine/cosine calculation part 4-12. The sine/cosine cal- 
culation part 4-12 calculates a sine value SIN and a co- 
sine vale COS In which the input Integrated value is the 
phase angle Conversion from the phase angle 6 to the 
sine value SIN and the cosine vale COS can be per- 
formed by the following equations which is based on se- 
ries expansion. 

COS=1- 2 /2l +. 4 /4l 



SIN- = • - 3 /3l +• 5 /5! 

[0054] The phase adjustment part 4-5 adjusts the 
phase angle on the basis of the integrated value of the 
polarity value of Y component of the fluctuation period 
signal vector such that the fluctuation period signal vec- 
tor at the time of change from A to B and the fluctuation 
period signal vector at the time of change from B to A 
become symmetric with respect to X axis. 
[0055] That is, if phases of the two fluctuation period 



signal vectors at the interval change point are shown as 
black points of Fig. 1 0A before the vectors are input to 
the phase adjustment part 4-5, the phases are adjusted 
by the phase adjustment part 4-5 such that the vectors 
* become symmetric with respect to X axis as shown in 
Fig.10B. 

[0056] In Fig.8, X component of the fluctuation period 
signal vector after phase adjustment is compared with 
an X component reference value REFx by a comparator 

10 4-13. An interval judgment part 4-1 4 judges that the sig- 
nal is in the interval A when the comparing result is 
(X-REFx) > 0, and judges that the signal is in the interval 
B when (X-REFx) < 0 as shown in Fig. 1 0C. Then, the 
interval judgment part 4-14 outputs a switching signal 

is according to the judgment result. 

[0057] The equalizer (EQL) and the automatic carrier 
phase controller (CAPC) perform equalization process- 
ing while switching equalization characteristics accord- 
ing to the switching signal output from the interval judg- 

20 ment part 4-14. When the judgment is not correct, that 
Is, when the X component reference value REFx Is de- 
viated from a correct value, error (distance between the 
receive signal point and signal judgment point) of the 
interval A or the interval B becomes large. 

25 [0058] Thus, width of interval is adjusted by updating 
the X component reference value REFx by judging 
which error is larger between the errors which occur in 
Interval A and in interval B in the CAPC. For example, 
as shown in Fig.10C, when the error is larger in the in- 

30 terval A, the X component reference value REFx is in- 
creased and the width of the interval A is decreased 
since the interval A is regarded to include a region of the 
interval B. 

[0059] Fig. 1 1 shows a function block for updating the 

33 x component reference value REFx. As shown in the 
figure, data signals of each receive channel output from 
the fast Fourier transform part are applied to an A inter- 
val processing part 7-1 0 and a B interval processing part 
7-20, wherein the A Interval processing part Includes a 

40 first equalizer (EQL1 ) and a first automatic carrier phase 
controller (CAPC1) for transmission line characteristics 
of interval A, and the B interval processing part includes 
a second equalizer (EQL2) and a second automatic car- 
rier phase controller (CAPC2) for transmission line char- 

45 acteristics of interval B. 

[0060] In each of the A interval processing part 7-1 0 
and the B interval processing part 7-20, an equalized 
signal output from the phase controller (CAPC1, 
CAPC2) is compared with a signal on which receive sig- 

50 nal judgment has been performed which is output from 
a judgment circuit (DEC) by a comparator (7-11 , 7-12). 
Then, the difference is squared by a square operation 
part (7-1 2, 7-22) so that distance (error) between signals 
is calculated. 

55 [0061] The distances between signals output from the 
A interval processing part 7-10 and the B interval 
processing part 7-20 are input into an X component ref- 
erence value REFx updating part 7-30. In the X compo- 
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nent reference value RE Fx updating part 7-30, an up- 
dating judgement part 7-31 judges whether current state 
is In the Interval A or in the interval B on the basis of 
interval information output from the interval judgment 
part 4-14 shown in Fig.8. 

[0062] When current state is in the interval A and 
when the distance (error A) between signals output from 
the A interval processing part 7-1 0 is larger than the dis- 
tance (error B) between signals output from the B inter- 
val processing part 7-20, the updating judgment part 
7-31 outputs a signal for Increasing a least significant 
bit (LSB) of the X component reference value REFx so 
that the the X component reference value REFx Is In- 
creased. 

[0063] When current state is in the interval A and 
when the distance (error A) between signals output from 
the A interval processing part 7-10 is smaller than the 
distance (error B) between signals output from the B in- 
terval processing part 7-20, the updating judgment part 
7-31 outputs a signal for keeping the X component ref- 
erence value REFx so that the X component reference 
value REFx Is not updated. 

[0064] When current state is in the interval B and 
when the distance (error A) between signals output from 
the A interval processing part 7-10 is larger than the dis- 
tance (error B) between signals output from the B inter- 
val processing part 7-20, the updating judgment part 
7-31 outputs a signal for keeping the X component ref- 
erence value REFx so that the X component reference 
value REFx is not updated. 

[0065] When current state is in the interval B and 
when the distance (error A) between signals output from 
the A Interval processing part 7-10 Is smaller than the 
distance (error B) between signals output from the B in- 
terval processing part 7-20, the updating judgment part 
7-31 outputs a signal for decreasing a least significant 
bit (LSB) of the X component reference value REFx so 
that the X component reference value REFx is de- 
creased. 

[0066] The updating signal output from the updating 
judgment part 7-31 is applied to an adder 7-32. 
[0067] The adder 7-32 updates the X component ref- 
erence value REFx by adding the updating signal to the 
X component reference value REFx held in the X com- 
ponent reference value holding part 7-33. Then, the up- 
dated X component reference value REFx is newly held 
In the X component reference value holding part 7-33 
and the updated X component reference value REFx is 
output to the comparator 4- 1 3 for comparing with X com- 
ponent of the fluctuation period signal vector shown In 
Flg.8. 

[0068] Although an embodiment has been described 
with reference to Fig.8-Fig.11 in which phase adjust- 
ment is performed such that the fluctuation period signal 
vector becomes symmetric with respect to X axis, and 
judgment of the interval A or the interval B is performed 
by judging whether X component of the adjusted fluctu- 
ation period signal vector exceeds a predetermined ref- 



erence value REFx, the present invention is not limited 
to the embodiment. For example, an embodiment can 
be applied in which phase adjustment is performed such 
that the fluctuation period signal vector becomes sym- 
5 metric with respect to Y axis, and judgment of the inter- 
val A or the interval B is performed by judging whether 
Y component of the adjusted fluctuation period signal 
vector exceeds a predetermined reference value REFx. 
[0069] As mentioned above, according to the present 
10 Invention, when transmission line characteristics 
change periodically due to on-off of switching power 
source of household electrical appliances in power line 
communication, fluctuation interval is Judged and equal- 
ization processing is performed by switching equalize- 
rs tion characteristics according to change of the interval 
of fluctuation period of the transmission line character- 
istics. Accordingly, equalization of receive signal can be 
performed properly so that receive accuracy can be im- 
proved. As a result, high speed transmission can be re- 
20 alized. 

[0070] The present invention is not limited to the spe- 
cifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the invention. 

25 

Claims 

1 . A method used in equalization processing, charac- 
30 terized by the steps of: 

extracting information on fluctuation of trans- 
mission line characteristics which fluctuate pe- 
riodically on the basis of a receive signal; and 

33 

performing equalization processing while 
switching equalization characteristics in ac- 
cordance with said fluctuation of transmission 
line characteristics. 

40 

2. The method as claimed in claim 1 , said step of ex- 
tracting said information characterized by the 
steps of: 

45 receiving a reference signal which is sent from 

a send side; and 

detecting a change point of said transmission 
line characteristics by using fluctuation of 
so phase or amplitude of said reference signal. 

3. The method as claimed in claim 2, said method fur- 
ther characterized by the steps of: 

55 extracting a basic frequency signal of fluctua- 

tion period of said transmission line character- 
istics; 
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vectorizing said basic frequency signal into a 
vector; 

adjusting phases of change point vectors cor- 
responding to two change points such that said 
phases become symmetrical with respect to a 
reference phase; 

comparing a component of said vector of said 
basic frequency signal with a reference value; 
and 

outputtlng a switching signal for switching said 
equalization characteristics according to a re- 
sult of said step of comparing. 

4. The method as claimed in claim 3 , said method fur- 
ther characterized by the steps of: 

performing equalization processing for each in- 
terval of said fluctuation of transmission line 
characteristics on each corresponding receive 
signal; 

comparing errors of said each corresponding 
receive signal on which said equalization 
processing has been performed; and 

updating said reference value on the basis of a 
result of said step of comparing errors. 

5. An equalization processing apparatus character- 
ized by: 

a part extracting information on fluctuation of 
transmission line characteristics which fluctu- 
ate periodically on the basis of a receive signal; 
and 

a part performing equalization processing while 
switching equalization characteristics in ac- 
cordance with said fluctuation of transmission 
line characteristics. 

6. The equalization processing apparatus as claimed 
in claim 5, said part extracting said information 
characterized by: 

a part receiving a reference signal which is sent 
from a send side; and 

a part detecting a change point of said trans- 
mission line characteristics by using fluctuation 
of phase or amplitude of said reference signal. 

7. The equalization processing apparatus as claimed 
in claim 6, further characterized by: 



a part extracting a basic frequency signal of 
fluctuation period of said transmission line 
characteristics; 

s a part vectorizing said basic frequency signal 

into a vector; 

a part adjusting phases of change point vectors 
corresponding to two change points such that 
10 said phases become symmetrical with respect 

to a reference phase; 

a part comparing a component of said vector of 
said basic frequency signal with a reference 
is value; and 

a part outputting a switching signal used for 
switching said equalization characteristics ac- 
cording to a result of comparing said compo- 
se nent with said reference value. 

8. The equalization processing apparatus as claimed 
in claim 7, further characterized by: 

25 a part performing equalization processing for 

each interval of said fluctuation of transmission 
line characteristics on each corresponding re- 
ceive signal; 

30 a part comparing errors of said each corre- 

sponding receive signal on which said equali- 
zation processing has been performed; and 

a part updating said reference value on the ba- 
35 sis of a result of comparing said errors. 

9. The equalization processing apparatus as claimed 
in claim 5, further characterized by: 

40 a plurality of equalization processing parts 

each corresponding different transmission line 
characteristics; and 

a part switching said equalization processing 
^5 parts in accordance with fluctuation of said 

transmission line characteristics. 

10. The equalization processing apparatus as claimed 
in claim 5, further characterized by: 

50 

a part holding equalization processing param- 
eters for different transmission line character- 
istics; and 

55 a part setting said equalization processing pa- 

rameters corresponding to specific transmission 
line characteristics in accordance with said fluc- 
tuation of said transmission line characteristics. 
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FIG.3B 
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FIG.7B 
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